Background: The Latarjet procedure is commonly performed in the setting of glenoid bone loss for treatment of recurrent anterior shoulder instability; however, little is known regarding the outcomes of this procedure in elite American football players.
Anterior shoulder instability is common in contact athletes, particularly in American football players. 11, 12 Nearly 10% of players at the National Football League (NFL) Scouting Combine present with a history of shoulder dislocation or subluxation. 3 Moreover, shoulder stabilization surgery is the fourth most common procedure documented at the combine, with 4.7% of incoming NFL players reporting a prior shoulder stabilization procedure. 3 A history of shoulder instability or recurrent instability may have a negative impact on a prospective NFL football player's career, as demonstrated by Brophy et al, 4, 6 who reported that offensive and defensive linemen with known instability have a decreased chance of playing in the NFL.
In the setting of anterior shoulder instability with significant bone loss, the Latarjet procedure is widely advocated as the treatment of choice. This procedure has demonstrated excellent long-term outcomes, particularly in contact sport athletes. One recent study reported that rugby players who underwent the Latarjet procedure had no recurrence of subluxation or dislocation at a mean follow-up of 12 years. 14 In contrast, high rates of recurrent instability have been reported following arthroscopic and open Bankart reconstruction in this same population: 89% and 38%, respectively. 7, 15 Despite the documented success of the Latarjet procedure, little is known regarding its prevalence or its effect on performance in elite football players. The purposes of this study were (1) to determine the prevalence and imaging findings of elite college football athletes who presented to the NFL Scouting Combine with a previous Latarjet procedure and (2) to describe the impact of this procedure on these players' early career performances in the NFL.
METHODS
This study was approved by both the institutional review board (Partners Human Research Committee, protocol No. 2015P002224/MGH) and the NFL Physician Society Research Committee. A retrospective review of all participants at the NFL Scouting Combine from 2009 through 2016 was conducted. Inclusion criteria consisted of any prospective NFL player who underwent medical and performance testing at the NFL Scouting Combine who demonstrated evidence of a previous Latarjet procedure based on a history completed at the combine. In addition, all radiographic imaging dictations were reviewed and screened for mention of hardware in the proximity of the glenohumeral joint. Any mention of hardware led to a thorough screening of all radiographic imaging for the respective player to determine whether a Latarjet procedure had been performed. As part of the review, medical records, imaging, position played, and draft position were recorded for each player who underwent a Latarjet procedure. Furthermore, radiographic findings were collected from standard imaging studies performed at the combine, including the anteroposterior (AP) and axillary views, and were analyzed for the following characteristics: position of the bone block, type and number of screws used for fixation, presence of hardware complications, resorption of the bone block, and degenerative changes. Degenerative changes were graded as mild, moderate, or severe based on the criteria previously established by Samilson and Prieto. 16 For those patients with computed tomography (CT) scans, location and amount of bone resorption as well as the degree of bone block union with the native glenoid bone were assessed. Location of resorption was documented using a modified version of the bone block partitioning first described by Giacomo et al, 8 with division of the bone block into 6 sections instead of the original 8: medial or lateral, inferior or superior, and deep or superficial, excluding proximal or distal. In addition, relationship of hardware to the bone block was recorded using a classification put forth by Zhu et al 17 : Grade 0 indicates that the screw head is completely buried in the bone block, grade I indicates that only the screw head is exposed outside the bone graft, grade II indicates that a portion of the screw shaft in addition to the screw head is exposed, and grade III indicates that the screw in its entirety is exposed with nearly total bone graft resorption and minimal to no bony contact between the graft and native glenoid neck.
To assess the performance of those athletes who were ultimately drafted, the following measures were analyzed during each athlete's rookie season: total number of games in which the athlete participated, number of games started, total number of snaps played, and snap percentage, which was defined as number of snaps played divided by total number of snaps for which that player was eligible-in other words, the team's total number of offensive snaps for offensive players or total number of defensive snaps for defensive players.
RESULTS

Demographics
Of the 2617 players who participated in the NFL Combine between 2009 and 2016, 13 (<1%) were identified who had a history of Latarjet surgery. Eight of these played defense, including 5 defensive backs, 2 linebackers, and 1 defensive lineman. Five played offense, including 2 wide receivers, 2 offensive linemen, and 1 running back. Six of the 13 (46%) players went undrafted, and the remaining 7 (54%) were drafted from the third to the seventh round. The positions of those players drafted included 3 defensive backs, 2 linebackers, 1 running back, and 1 wide receiver.
Fixation Method and Plain Radiographic Findings
All 13 players who had undergone a Latarjet procedure before presenting at the NFL Scouting Combine had plain shoulder radiographs available for review, including AP and axillary views. In 7 players, the Latarjet procedure served as the primary procedure for treatment of recurrent instability ( Figure  1 ). Five players underwent the Latarjet procedure after 1 prior surgery, and 1 player had 2 prior surgeries before ultimately undergoing the Latarjet procedure. Seven players had 2-screw constructs, while the remaining 6 players had 1 screw for fixation of the coracoid bone block (Table 1) . Hardware complications, including screw breakage, bending, and pullout, were observed in 6 of 13 players, of which 3 specifically suffered screw pullout ( Figure 2 and Table 1 ). All 13 players showed evidence of degenerative change on the humeral head and/or the glenoid, although the majority of players had mild degenerative changes (77%). Table 1 summarizes all radiographic findings of these 13 players.
Bone Resorption and Healing on Computed Tomography Imaging
Eight of the 13 players had undergone CT scans, which were available for review from NFL Scouting Combine imaging archives. Table 2 demonstrates the radiographic characteristics of the 8 players with CT scans. With regard to position of the bone block, 6 players had the coracoid fixed to the anterior inferior glenoid or 3-to 5-o'clock position, while the other 2 players had slightly more anterior placement on the glenoid rim with 2-to 4-o'clock positioning (Table 2 ). In the axial plane, 6 players had their bone block positioned slightly lateral to the native glenoid, while the remaining 2 players had their bone block placed flush. Notably, all 8 of the athletes with CT scans had evidence of bony resorption of the bone block on CT imaging. Three of the 8 (38%) players showed evidence of minimal resorption (<25%), while the remainder (62%) demonstrated moderate to nearly complete resorption. Analysis of the interaction of the hardware and the bone block as described by Zhu et al 17 showed that 5 players had grade I findings, 2 players had grade II, and 1 player had grade III. Quantifying the percentage of the bone block with confirmed bony bridging to the native glenoid demonstrated that 2 athletes had essentially 0% bridging and only 1 athlete featured complete 100% bony bridging ( Table 3 shows the performance metrics analyzed for those players who had a history of Latarjet and who were drafted.
DISCUSSION
The most important finding of this study was that players with a history of the Latarjet procedure had a high rate of postoperative complications, including hardware failure (of note, 46% of the players had only had 1 screw used for fixation), radiographic degenerative joint changes, and bone block resorption. In addition, half of the players with a history of a Latarjet procedure were drafted. Those drafted had variable amounts of playing time based on games played and started and snap percentage. Overall, the Latarjet procedure was rarely performed (<1% of all athletes) in the players at the NFL Combine. Despite such a low prevalence of the Latarjet procedure in this study population, the risk of shoulder dislocation and recurrent instability is known to be high for contact sport athletes. 5, 11, 12 Brophy et al 3, 5 reported that 10% of players at the NFL Scouting Combine presented with a history of some form of shoulder instability and that shoulder stabilization surgery was documented in 4.7% of all players entering the NFL Combine. High instability recurrence rates have been reported in contact athletes with bony defects treated with Bankart repairs, and hence Bankart repair alone is not recommended. 7 Burkhart and De Beer 7 evaluated 194 consecutive arthroscopic Bankart repairs, including those in 101 contact athletes, and found a 6.5% recurrence rate for those athletes without a structural bone defect versus an 89% recurrence rate for those with bony defects at a mean follow-up of 27 months. In contrast, several authors have reported success following bone transfer procedures involving the glenohumeral joint in contact athletes.
1,2,10,14 Beranger et al 2 reported that all of the 47 athletes examined in their study returned to sports after Latarjet-Bristow, although those individuals who practiced overhead sports were less likely to return to preinjury levels. The Latarjet procedure is popularly performed in Europe for treatment of recurrent anterior shoulder instability in contact athletes, while the procedure is less frequently performed in the United States. As a result, comparisons between studies on this procedure from these 2 global regions are difficult because of the differences in the treatment approach.
In the present study, 6 of the 13 players with a history of a Latarjet procedure (46%) had hardware complications, which included 2 with broken hardware, 2 with bent screws, and 2 with screw pullout. All 13 players had evidence of degenerative changes on their plain radiographs, although the majority (10/13, 77%) had mild changes. These degenerative changes may be attributed to recurrent instability episodes before or after the procedure that occurred as a result of postoperative complications. Bone resorption was common; all 8 players who had undergone a CT examination demonstrated some degree of bone resorption, and 62% of these had moderate to complete resorption. In addition, nonunion was observed in 2 of these 8 athletes. Griesser et al 9 reported a similarly high 30% complication rate after the Latarjet-Bristow procedure in a systematic review that included 45 studies (1904 shoulders) at a mean clinical follow-up of 6.8 years. The authors found a non-union rate of 9.1% and reported a 7% reoperation rate, 35% of which consisted of removal of symptomatic hardware. Mizuno et al 13 found a 20% prevalence of arthritis in a retrospective review of 68 shoulders at a mean follow-up of 20 years after a Latarjet procedure. Allain et al 1 reported a higher prevalence of glenohumeral arthritis, 71%, at a mean follow-up of 14 years. As demonstrated by Griesser et al, 9 nonunion of the coracoid bone block to the native bone is a known complication of the Latarjet procedure; however, no correlation exists between healing rate and symptoms. Giacomo et al 8 similarly noted a high prevalence of osteolysis of the coracoid graft in a CT evaluation of 26 patients. The authors found osteolysis most frequently at the proximal, superficial aspect of the coracoid bone block but did not find any correlation between degree of osteolysis and clinical findings. Given the demands placed on American football athletes, this may result in a higher complication rate, as we have reported, than other previous reports with lesser high-risk patients. Based on radiographic analysis as well as the total number of surgeries each player had undergone, including the Latarjet procedure. In this study, 7 of the 13 players with a history of a Latarjet procedure were ultimately drafted into the NFL. Given the small number of athletes in this study, resulting from the rarity of this procedure in incoming NFL prospects, conclusions cannot be drawn regarding the effect of Latarjet on these players' performance. However, previous evidence of a history of shoulder instability has been associated with a negative effect on the career of a football player. 5 In particular, of these athletes, none demonstrated a snap percentage greater than 50%, meaning that these players participated in less than half of eligible plays for their respective teams. Four of the 7 had snap percentages between 20% and 50%. As opposed to snap percentage, games started and games played have previously been used as measures of playing time and performance in prior studies. 5 However, analysis of number of snaps played might provide a more sophisticated interpretation of playing time. 17 Grade 0: screw head is completely buried in the bone block. Grade I: screw head is exposed outside the bone graft. Grade II: screw shaft in addition to the screw head is exposed. Grade III: screw is exposed, nearly all of the bone graft is resorbed, and no bone is left in contact with the glenoid neck. In this case series, 4 players participated in 13 or more games during their rookie seasons, but none of these athletes had snap percentages greater than 50%, which suggests that analyzing only their number of appearances in games may overestimate their participation. Further studies with larger numbers of players are needed to verify the utility of recording number of snaps and snap percentage as opposed to number of games started and played.
We acknowledge some limitations to this study. It is retrospective in nature and therefore bound by the restraints associated with this study design. Furthermore, all data were collected at the NFL Combine, which is a process that has not been proven to be without error. No clinical examination findings, which may have affected subsequent inleague performance, including persistent laxity and loss of shoulder range of motion, were collected. This report also did not distinguish between preoperative function prior to Latarjet or varying surgeons and surgical techniques. In addition postoperative care for these athletes after their Latarjet procedures was not examined or compared. Given the rarity of this procedure and the small patient number included in this study, no definitive conclusions can be made regarding the effect of these radiographic findings on player performance or clinical outcomes. Furthermore, no control group was used for comparison to the Latarjet cohort and, as such, no definitive conclusions can be drawn regarding the effect of the Latarjet procedure on these players' participation or performance. Despite these limitations, our findings in this report may be useful for both players and NFL team physicians and organizations in guiding and counseling incoming NFL athletes who have undergone the Latarjet procedure.
CONCLUSION
Only a small percentage (<1%) of players at the NFL Combine from 2009 to 2016 had undergone a Latarjet procedure. High rates of postoperative complications and a high prevalence of radiographic degenerative changes of the glenohumeral joint were observed after a Latarjet procedure. Athletes who had undergone a Latarjet procedure had a variable amount of playing time during their rookie seasons, but none participated in more than half of the plays for which he was eligible. 
